General Information
Unless otherwise noted, all manipulations were carried out under an inert atmosphere in a nitrogenfilled glovebox or by standard Schlenk techniques. Dichloromethane (DCM), diethyl ether (Et 2 O), tetrahydrofuran (THF), and toluene (Tol) were purified using a Pure-Solv MD-5 Solvent Purification System (Innovative Technology). All other reagents were used directly from the supplier without further purification. Analytical thin-layer chromatography (TLC) was carried out using 0.2 mm commercial silica gel plates (silica gel 60, F254, EMD chemical). The vials (1 dram, 15×45 mm with PTFE lined cap attached) were purchased from Qorpak and dried in an oven overnight and cooled under a stream of nitrogen prior to use. Infrared spectra were recorded on a Nicolet 380 FTIR using neat thin film technique. High-resolution mass spectra (HRMS) were obtained on a Karatos MS9 and are reported as m/z (relative intensity). Accurate masses are reported for the molecular ion [M+Na]+, [M+H]+, or [M+] . Nuclear magnetic resonance spectra ( 1 H NMR and 13 C NMR) were recorded with a Varian Gemini (400 MHz, 1 H at 400 MHz, 13 C at 100 MHz). For CDCl 3 solutions the chemical shifts are reported as parts per million (ppm) referenced to residual protium or carbon of the solvents; CHCl 3 δ H (7.26 ppm) and CDCl 3 δ C (77.16 ppm). Coupling constants are reported in Hertz (Hz). Data for 1 H NMR spectra are reported as follows: chemical shift (ppm, referenced to protium; s = singlet, d = doublet, t = triplet, q = quartet, quin = quintet, dd = doublet of doublets, td = triplet of doublets, ddd = doublet of doublet of doublets, m = multiplet, coupling constant (Hz), and integration). 
Experimental Procedures and Characterization Data

90%
A flame-dried Shlenk flask, equipped with a magnetic stirrer bar, was charged with 3-hydroxylbenzocyclobutenone 11 [1] (1.341 g, 10 mmol), PPh 3 (2.622 g, 10 mmol), allyl alcohol 12 [2] (1.402 g, 10 mmol) and the flask was degassed three times under nitrogen before THF (100 mL) was added via cannula. Then DIAD (1.97 mL, 10 mmol) was added dropwise via syringe to the above solution. The reaction was heated to reflux. TLC was used monitor the reaction (usually within 3 h). When the reaction was finished, it was quenched with saturated aqueous NH 4 Cl (120 mL) and extracted with Et 2 O (3 × 100 mL). The combined organic layer were washed with brine (120 mL), dried over MgSO 4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel to give 10 (2.308 g) in a yield of 90% as a white solid. R f =0.65 (EtOAc/Hexane=1/5 Synthesis of compounds 10a and 10c has been reported [3] previously. 
S-3
Compound 10b was prepared as a light yellow oil in 80% yield (323 mg) from 3-hydroxylbenzocyclobutenone 11 [1] (268 mg, 2 mmol) and the known (E)-2-methylbut-2-en-1-ol [4] (173 mg, 2 mmol) using the standard procedure for making compound 10. 1 Compound 9a was prepared following the general procedure and was obtained as a colorless oil (21.8 mg) in 51% yield. R f =0.40 (EtOAc/Hexane=1/5). A reported procedure [3] was followed with some modifications. To a mixture of 9 (51.2 mg, 0.2 mmol) and NBS (71.2 mg, 0.4 mmol) in dry Et 2 O (10 mL) at rt was added unhydrous NH 4 OAc (3 mg, 0.04 mmol). After stirring at 25 °C for 0.5 h, the mixture was filtered and the filtrate was washed with water, dried and evaporated. The residue afforded 13 in quantitative yield (67 mg) and was directly used in the next step without further purification.
In a nitrogen-filled glove box, to an 8-mL vial containing 13 (67 mg, 0.2 mmol), 14 (37 mg, 0.24 mg) and Cs 2 CO 3 (195.5 mg, 0.6 mmol) in THF (4 mL) was added Pd(PPh 3 ) 4 (23 mg, 0.02 mmol) followed by H 2 O (0.8 mL). The vial was heated to 90 o C and stirred for 36 h before it was cooled to rt and diluted with EtOAc (5 mL). Pd/C (10%, 21.2 mg, 0.02 mmol) was added and the vial was transferred to a hydrogenation reactor (2 atm H 2 ). The reaction was stirred at rt for 1 h. The vial was removed from the reactor and filtered over a short pad of silica gel. To an Et 2 O (10 mL) solution of 8 (85 mg, 0.285 mmol) at rt was added LiAlH 4 (27 mg, 0.712 mmol). The solution was stirred for 10 minutes before it was carefully quenched with saturated potassium sodium tartrate aqueous solution (10 mL) and extracted with EtOAc (3 × 10 mL). The combined organic layer was washed with brine (120 mL), dried over MgSO 4 and concentrated in vacuo to give crude S-2 in a quantitative yield, which was used directly in the next step.
In a nitrogen-filled glove box, to a DCM (10 mL) solution of the crude S-2 (85.6 mg, 0.285) was added Martin's sulfurane (230 mg, 0.342 mmol). The reaction was stirred at rt for 1 hour, before it was quenched with saturated aqueous NaHCO 3 (10 mL) and extracted with Et 2 O (3 × 10 mL). The combined organic layer was washed with brine (10 mL), dried over MgSO 4 A 20 mL-vial equipped with a magnetic stirrer bar was charged with 15 (50 mg, 0.177 mmol) and dry DCM (10 mL). The vial was capped by a rubber stopper and was cooled to -78 o C. O 3 was bubbled into the stirring reaction until the solution takes on a baby blue color. Remove the O 3 bubbler and a DCM (2 mL) solution of PPh 3 (463 mg, 1.7 mmol) was added into the solution via syringe. Stirring at rt for 1 h and the solvent was carefully removed under vacuum. Dry toluene (5 mL) and DBU (31.7 μL, 0.212 mmol) was added to the vial. The vial was sealed with PTFE lined cap and was heated to 130 o C for 18 hours. The reaction was cooled down to rt and toluene was evaporated under vacuum. The residue was purified by column chromatography on silica gel to give 16 (37.3 mg) in a yield of 67% as a viscous oil. R f =0.55 (EtOAc/Hexane=1/5). A reported procedure [4] was followed with some modifications. This reaction was set up in a N 2 purging glove box. In a sealed 8 mL-vial containing dialdehyde 16 (20.7 mg, 0.066 mmol), Zn dust (91 mg, 1.316 mmol) and distilled pyridine (0.13 mL, 1.645 mmol) in dry THF (2 mL) was added TiCl 4 (43 μL, 0.395 mmol) dropwise using micro-pipette. A yellow green mixture was formed immediately and then changed to brown red. The vial was heated on a pie-block at 90 o C overnight before being cooled to rt and filtered through a pad of silica gel. The filtrate was diluted with ether (20 mL) and washed sequentially with saturated aqueous NaHCO 3 (5 mL), brine (5 mL) and dried over anhydrous MgSO 4 . It was filtered, and concentrated under reduced pressure to a colorless residue. The residue is purified by column chromatography on silica gel to give 12.2 mg (66%) of 17 as a colorless viscous oil. R f =0.8 (EtOAc/Hexane=1/5). To a 10 mL-vial containing 17 (4.5 mg, 0.016 mmol), Pd/C (2 mg, 1.6 μmol) and EtOAc (3 mL) was transferred into a hydrogenation parr bottle (1 atm H2). Stirring at rt was continued for 1h before the vial was took out of the reactor. The solution was filtered through a short plug of silica gel and the filtrate was concentrated under reduced pressure to a colorless residue. The residue is purified by column chromatography on silica gel to give 4.0 mg (88%) of cycloinumakiol (1) as colorless a viscous oil, when put it into fridge a crystal was obtained. R f =0.85 (EtOAc/Hexane=1/5). A reported procedure [5] was followed with some modification. An Et 2 O (0.5 mL) solution of 8 (10 mg, 0.034 mmol) was added to a solution of KOH (38.1 mg, 0.68 mmol) pellets in diethylene glycol (3 mL) and 100% of hydrazine hydrate (1.5 mL). The resulting solution was put onto a pie-block preheated to 155 o C. Stirring was continued for 2 hours before raising the temperature to 200 o C. The vial cap was loosed and reaction was stirred for another 6 hours at 200 o C. Then the reaction was allowed to cool to room temperature. Water (10 mL) was added and the resulting mixture was extracted with Et 2 O (3 × 10 mL). The combined organic extract was washed with brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to give a colorless oil residue. The residue is purified by column chromatography on silica gel to give 6.4 mg (66%) of C5-epi cycloinumakiol (18) as a viscous oil, when put it into fridge a crystal was obtained. R f =0.7 (EtOAc/Hexane=1/10). 
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